Hot-water extracts of mesquite (Prosopis glandulosa) wood were assayed for their total carbohydrate, reducing sugar, and glucose content. These hydrolysates were then used as complete media for yeast growth. A total of 10 strains of yeasts were evaluated for their biomass production in the mesquite wood hydrolysates. Levels of utilizable carbohydrate proved to be the limiting factor for yeast growth in the hydrolysates.
Members of the genus Prosopis have a worldwide distribution and are important components of semiarid ecosystems (8) . Humans have found many uses for the mesquite, including the use of some parts of the tree as substrate for microbial growth. It has been known for some time that water hydrolysates of the fruit (pod) of some mesquites contain enough sugar to ferment to ethanol. Felker et al. (5) have studied the large-scale fermentation of these pods for commercial ethanol production. A less commonly utilized substrate is the wood itself; Thayer and several co-workers (9, 10, 11) , however, have grown bacteria on a mesquite wood substrate to enhance its protein content in order to develop a complete cattle feed. Similarly, Wilson and Thayer grew Candida utilis on mineral salts plus mesquite wood (13) or mesquite wood hydrolysate (12) media and demonstrated that mesquite wood contains easily solubilized sugars (12) . In the present paper, I report on the comparative growth of 10 yeast strains in hot-water hydrolysates of mesquite wood as the growth media.
Mesquite trees (P. glandulosa) from 1.5 to 3.0 m tall were harvested both in the dormant state and with foliage. The trees were shredded into chips of 1 to 10 g or cut into disk-shaped blocks of 8 to 14 cm. The chips or blocks were then extracted in boiling water for 1 h. The resulting hydrolysate was strained through a double layer of gauze and stored frozen (-20°C).
The total carbohydrate content of the hydrolysate was determined colorimetrically by the phenol-sulfuric acid method (4) after centrifugation to remove suspended particles. The reducing sugar content was assayed by the orthotoluidine test (7) . In both assays, glucose was used as the standard. Glucose content was determined colorimetrically (3) by a hexokinase assay (Sigma Chemical Co., St. Louis, Mo.), and protein content was quantitated with a Coomassie brilliant blue assay (2) . A 0.5-ml hydrolysate sample was mixed with 4.5 ml of Coomassie brilliant blue G-250 (BioRad Laboratories, Richmond, Calif.), allowed to incubate at room temperature for 2 min, and read at 595 nm against a bovine albumin (Dade Diagnostics, Inc., Aquado, Puerto Rico) standard.
Yeasts were grown aerobically in batch culture on mesquite wood hydrolysate as the complete growth medium. A 50-ml centrifuged and autoclaved hydrolysate sample was inoculated from a Sabouraud slant and incubated at 25°C and 350 rpm, for 72 h. Yeast biomass was determined as dry weight corrected for mesquite wood solids, and yeast strains were ranked according to their average yield (grams of cells per liter divided by grams of total carbohydrates present in the hydrolysate per liter) for the hydrolysates C, D, El, and E2 described in Table 1 . Hydrolysate GE and Rhodotorula rubra were used in the growth curve, pH, and added nutrient experiments. All physical conditions remained as previously described. Cell counts were performed with an Improved Neubauer counting chamber. Budding yeasts and clumps were counted as one cell.
In determining the maximum values for extractable carbohydrate, reducing sugar, and protein, 1 g of oven-dried mesquite wood, in the form of shavings and sawdust, was extracted in a retort four times, 5 h each time, with 100 ml of boiling water. The values for the four extractions were added, and the total was expressed as a percentage of the dry wood weight. Values were determined for whole mesquite wood, heartwood, and sapwood fractions.
The mesquite wood hydrolysate D was itself subjected to enzymatic hydrolysis with amyloglucosidase (Sigma) with an activity of 10 U/mg. The hydrolysis was carried out at 55°C, pH 4.5. The enzyme solution (3 mg/ml) was mixed with the substrate (hydrolysate D) in a ratio of 1:10 (vol/vol). The enzyme action was stopped by plunging the reaction tube into boiling water.
Dried mesquite wood was found to contain 11.4 + 1.5% extractable carbohydrate, 0.39 + 0.11% extractable reducing sugar, and 0.17 + 0.03% extractable protein. When a comparison of heartwood with sapwood was made, 80% of the extractable protein was in the heartwood; nearly all of the extractable reducing sugar was in the sapwood. The wide variation seen in carbohydrate, reducing sugar, and protein values for the hydrolysates listed in Table 1 was due to such factors as difference in wood-to-water ratio, differences in the surface area of given mass of wood, presence or absence of foliage, and differences in the ratio of heartwood to sapwood. For the hydrolysates extracted from chips (D, El, E2, GE) however, the reducing sugar value is a fairly constant 11.6 + 1.4% of the corresponding total carbohydrate value. This value is considerably greater than that yielded by the total extraction from dried mesquite wood. One explanation is that the reducing sugars solubilized equally well in both extractions, while The best biomass production occurred at pH 6. The addition of 1 to 3 g of ammonium sulfate per liter had no effect on biomass production. Similarly, the addition of 0.01 g of yeast extract per liter did not increase biomass production, although the addition of 0.1 g of yeast extract per liter increased biomass production 3.9%, and the addition of 1 g of yeast extract per liter increased biomass production 14.8%. These increases were viewed, however, as carbohydrate effects rather than vitamin effects. Added glucose had a direct effect on biomass production. The relationship was linear out to 4 g of added glucose per liter. At 16 g of added glucose per liter, the cell mass was 2.3 times that of the control without added glucose.
In unsupplemented hydrolysate GE, the growth rate constant k for R. rubra was 0.626, the stationary phase of growth was reached in 22 h, and the maximum cell crop was 3 x 108 cells per ml. Compared with commercial media, the biomass of R. rubra was 83% of that on Trypticase soy broth (BBL Microbiology Systems, Cockeysville, Md.) and 35% of that (12) or a water hydrolysis of smaller particles, it does solubilize enough nutrients to produce a usable biomass of yeast. The use of chips and blocks rather than fine particles has the added value of preserving the extracted wood in a convenient form to be used as fuel, its primary use in most societies.
